After the global financial crisis in 2008, China had increased domestic investment, stimulated economic growth and produced a large amount of carbon emission at the same time. The impact of investment on carbon emission and emission reduction target in China has become an important research subject. Based on the input-output model, this research estimated carbon emission of every sector caused by investment, and analyzed the relationship between investment and economy as well as carbon emission. Then whether some sectors are beneficial to carbon emission reduction or not and other relevant questions are evaluated. The results show that there are significant differences in the impact of investment on economic growth and carbon emission in different sectors.
Introduction
As the global environmental problem the world is faced with, greenhouse effect has gained extensive attention from all sectors of society. The main reason for global warming is that a large amount of greenhouse gas like carbon emission was released into the atmosphere by human's overuse of fossil fuels. As the biggest emitter of carbon emission in the world, China is in rapid development stage of industrialization and urbanization, and faced with arduous emission reduction burden at the same time [1] . Chinese government established the emission reduction goal to lower China's carbon emission per unit of GDP by 60%~65%from the 2005 level by 2030. However, emission reduction should not be realized at the price of sacrificing economic development. The essence of low carbon economy is to ensure the stable development of economy and reduce the emission of carbon dioxide at the same time, to build reasonable structure of energy consumption and therefore to achieve the form of economic development that win-win between economic development and ecological environmental protection is possible [2] . It is of great significance to study the relationship between economic growth impetus and carbon emission under this background.
Since the reform and openness, consumption, investment and export are major impetus of stimulating economy in China, which is called the "troika" of Chinese economic growth, but at the same time this three-in-hand also bring a problem of carbon emission inevitably. There are a large number of studies concerning the relationship between consumption, export and carbon emission. Yan conducted research on carbon emission of different regions using MRIO (Multi-Regional Input-Output) [3] . Based on non-competitive input-output model, Peng studied the impact of residential and industrial sectors' behavior on the change of carbon emissions from consumption [4] . Li studied embodied carbon emission in export trade using the input-output analysis method [5] . Wang combined econometric methods and decomposition analysis to study the relationship between export trade and carbon emission in China [6] . These researches proved that China has become "world factory", which means its export carbon content is in excess of its import carbon content markedly. And some relevant research has confirmed the conclusion that producing export commodities can exacerbate carbon emission in China [7] . After experiencing financial crisis in 2008, China has strengthened the efforts to increase investment. Investment can increase demand, form some considerable productive forces, increase supply of commodities and therefore motivate Chinese economic growth. The investment is the major driving force for Chinese economic growth [8] . There are few researches focused on carbon dioxide caused by investment in China at present. Under this background, this paper studied the relationship between investment and Chinese economic as well as investment and carbon emission using the input-output model. The input-output model was used to calculate the impact of the investment on carbon emission by sector and to analyze which sectors contribute to carbon emission reduction.
Method

Relationship between Investment and Economy
This paper is based on the input-output model, in which the relationship between final uses and gross output is formulated as follow:
where Y is final uses, X is gross output, A is direct consumption coefficient matrix. (I-A) -1 is called Leontief inverse matrix or matrix of total demand coefficient. Take the investment actually happened into Y in Eq. (1) as an input variable, then we can get the economic output stimulated by actual investment.
The value-added coefficient is formulated as follow:
Where v i is the value added of sector I, X is gross output. From this we can calculate the value added Z i by investment of sector i, which is equal to economic gross output stimulated by actual investment of sector i times value added coefficient, and it is formulated as follow:
whereY vi is the investment volume of sector i.
Relationship between Investment and Carbon Emission
The fundamental formula of carbon emission in the input-output model is as follow:
where C is the carbon emission caused by final uses; T is carbon intensity, which is defined as carbon emission produced by per unit of output in the input-output tables, and it is formulated as follow:
where Q k is the energy consumption of energy resource k, α k is the lower heating value(LHV) of energy resource k, β k is the carbon content of energy resource k, η k is the carbon oxidation factor of energy resource k.
The final uses Y is decomposed into consumption, investment (capital formation) and export, which is expressed as Y c , Y v , Y p respectively, thus the carbon emission caused by consumption, investment, export can be formulated as follows:
Impact of Investment on Carbon Emission
From Eq. (1) ~ (3), Z i can be calculated which stands for the value added of sector i caused by investment, and the value added Z di of sector i caused by per unit of investment volume can be calculated as follow:
where Y vi is the investment volume of sector i. The average of value added caused by per unit of investment volume of all sectors d Z :
Set d Z as unit 1, and then we can get non-dimensional number
G i >1 shows that the value added caused by per unit of investment volume of all sectors of sector i is higher than sectors' average value, G i <1stands for the fact that the value added caused by per unit of investment volume of all sectors of sector i is lower than sectors' average value. Using the same method, we can calculate carbon emission caused by investment C vi and carbon emission caused by per unit of investment volumeC dvi from Eq. (4), (5) and (7) .
Further we can calculate the average value of carbon emission caused by per unit of investment volume of all sectors:
Set dv C as unit 1, thus we can get non-dimensional number by dividing C dvi by dv C as follow:
P i >1 shows that the investment carbon emission caused by per unit of investment of sector i is higher than the average value of all sectors, P i <1stands for the fact that the investment carbon emission caused by per unit of investment of sector i is lower than the average value of all sectors.
Data Sources and Departments Merger Data Sources and Processing
Energy consumption data during 1997 to 2012 used in this paper comes from China Energy Statistical Yearbook [9] . The energy consumption data of different sectors and types comes from energy balance table of each year, in addition the energy consumption used as raw materials in the industry is eliminated in terms of the calculation of carbon emission. As major secondary energy, carbon emission of electric power and heat can be estimated according to the energy input for thermal power generation and heat supply, and then it is distributed to every sector.CO 2 emission coefficient is referred to 2006 IPCC Guidelines for National Greenhouse Gas Inventories [10] . The input-output tables and their relevant calculated data in 2002, 2005, 2007 and 2010 published by National Statistics Bureau [11] are adopted. Taking into account the comparability between variables, outputs of all sectors are converted at 2010 level by price index provided in China Statistical Yearbook [12] to eliminate the price impact before data analysis.
Departments Merger
Because of the fact that departmentalization of energy balance tables is not consistent with that of the input-output tables, the input-output tables (28 sectors) are set as benchmark and 44 sectors in the energy balance tables are merged into 28 sectors.
Results
Carbon Emission Caused by Final Uses
Using Eq. (6) ~ (8), carbon emission caused by final uses in China is calculated as shown in Fig.  1 The total carbon emission increased from 3.81 billion tons to 11.7 billion tons during 1997 to 2012.And especially after the end of 2001 when China entered WTO, carbon emission caused by final uses increased dramatically. After financial crisis, temporary drop can be seen in Fig.1 before the carbon emission continues to be higher. The reason why carbon emission dropped is that the contribution made by export has decreased. Contribution made by investment and consumption should account for the upswing of carbon emission.
Before China became a member of WTO, carbon emission caused by consumption, investment and export took up approximately 40%, 40% and 20% of the total volume respectively. After joining WTO, carbon emission caused by investment and export increased. In 2007, carbon emission caused by consumption, investment and export took up 26%, 41% and 33% of total volume respectively. Carbon emission caused by investment increased because of the policy published by Chinese government that increasing investment inland after financial crisis. Meanwhile the percentage of carbon emission caused by export decreased due to the influence of financial crisis. In 2012, carbon emission caused by consumption, investment and export took up 26%, 49% and 25% respectively of the total volume. 
Carbon Emission Caused by Different Sectors
Carbon emission caused by sectors from 1997 to 2012 is shown in Fig.2 , which increased from 1.5 billion tons to 5.71 billion tons during these years. Among all the sectors, construction was the sector which had the most carbon emission, taking up 57.0% of total volume in 2012.The main reason is that the major energy-consuming sectors in China such as steel industry, building materials (cement), electricity, chemical industry and coke industry are closely related to construction. Moreover, the investment of following sectors like manufacture of transport equipment, manufacture of special-purpose and general-purpose machinery, manufacture of communication and computer and other electronic equipment, manufacture of machinery and equipment can also lead to a large amount of carbon emission. The reason why these kinds of manufacture sectors exacerbate carbon emission is that China has become factory of the whole world, and manufacturing industry is an investment-intensive sector. 
Evaluation on Relationship between Investment and Carbon Emission
The relationship between value added and carbon emission caused by investment of different sectors can be calculated by Eq. (9) ~ (14) as shown in Fig.3 . In the first quartile, the value added of per unit of output and investment carbon emission caused by per unit of output are both over the average value of all sectors, which means investment is positive for economic growth but is negative for carbon emission reduction. Typical sectors of this kind are mining and washing of coal, mining and quarrying of nonmetallic mineral and other mineral, mining of metal ores.
In the second quartile, value added of per unit of output is lower than the average while investment carbon emission of per unit of output is higher than the average, which means they are bad for both economic growth and carbon emission reduction. Typical sectors are: construction, paper-making, printing and manufacture of articles for culture, education and sports activities, manufacture of refined petroleum, coke products, processing of nuclear fuel, manufacture of chemicals and chemical product, manufacture of nonmetallic mineral products, manufacture and processing of metals machinery and equipment, manufacture of fabricated metal products, except machinery and equipment, manufacture of special-purpose and general-purpose machinery, manufacture of electrical machinery and apparatus. In the third quartile, both value added caused by per unit of output and investment carbon emission caused by per unit of output are below the average value, which means investment in these sectors is bad for economic growth but is good for carbon emission reduction. Typical sectors of this kind are: manufacture of food and tobacco, manufacture of textile wearing apparel, footwear, leather, fur, feather and its products, processing of timbers and manufacture of furniture, manufacture of communication equipment, computer and other electronic equipment, manufacture of measuring instruments, production and supply of electricity and steam, production and distribution of gas.
In the fourth quartile, value added of per unit of output is over the average value while investment carbon emission of per unit of output is below the average value, which means investment in this kind of sectors is both good for economic growth and carbon emission reduction. Typical sectors of this kind are: agriculture, extraction of crude petroleum and natural gas, transport, storage and post, wholesale and retail trade, food and beverage services, production and distribution of water, other manufacture and other sectors. 
Conclusion
Based on the discovery of this paper: carbon emission caused by investment in China has increased continuously since 1997,and the percentage of carbon emission caused by investment among consumption, investment and export also increased during these years.The carbon emission caused by investment took up 49% of total volume in 2012. In terms of different sectors, construction was the leading sector in carbon emission sectors, with its carbon emission volume taking up more than half of all sectors' carbon emission volume. Meanwhile, the investment of manufacture of transport equipment, manufacture of special-purpose and general-purpose machinery, manufacture of communication equipment, computer and other electronic equipment, manufacture of electrical machinery and apparatus also led to large quantities of carbon emission. From the perspective of economic development and carbon emission, the value added caused by investment of agriculture, transport, storage and post, wholesale and retail trade, food and beverage services was higher than the average value of all sectors while carbon emission caused by per unit of investment was lower than the average at present, therefore they were sectors that are in favor of economic growth and carbon emission reduction. However sectors whose value added caused by per unit of investment was lower than all sectors' average value and carbon emission caused by per unit of investment was higher than the average were as follows: paper-making, printing and manufacture of articles for culture, education and sports activities, manufacture of refined petroleum, coke products, processing of nuclear fuel, chemical industry and most manufacture industry.Obviously they are to the disadvantage of carbon emission reduction.
